The species Corynebacterium pyruviciproducens was described in 2010 based on the features of a single strain. In this report, we describe the chemotaxonomic and phenotypic characteristics of 11 C. pyruviciproducens clinical strains isolated in Switzerland and Canada in comparison to the strain 06-17730 T . Heterogeneities within the type strain were found in the 16S rRNA gene and in biochemical markers. Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) identification of this species could not be achieved since currently this bacterial species is not included in the corresponding database. Reliable identification is obtained only with sequence-based identification tools. Results of antimicrobial susceptibility testing of this species with an extended panel of antimicrobials are presented here for the first time.
C orynebacterium pyruviciproducens was first described in 2010, based on studies of the strain 06-17730
T (ϭ WAL 19168 T ϭ CCUG 57046
T ϭ ATCC BAA-1742 T ϭ DSM 45585 T ) cultured from a groin abscess (1) . This bacterial species has now been isolated from several clinical specimens in laboratories in Switzerland and Canada. During routine bacteriological identification procedures, we observed a number of differences in the phenotypic and other properties between these and the published description of C. pyruviciproducens strain 06-17730
T (1) . These observations as well as heterogeneities in the 16S rRNA sequences are presented in this report. In the species description publication, Tong and colleagues (1) reported that the C. pyruviciproducens type strain was highly sensitive to ampicillin, ceftriaxone, clindamycin, and erythromycin. Since no other information concerning the antimicrobial susceptibility of C. pyruviciproducens has been published to date, we present in this report detailed data on the antimicrobial susceptibility testing of isolates from our laboratories, including new susceptibility data for the strain 06-17730 T using an extended panel of antimicrobials. T ). Phenotypic methods. Swiss isolates were tested for lipophilia after observation for growth on normal blood plates compared with growth on blood plates containing 1% Tween 80. Canadian isolates were tested for lipophilia by comparing growth in brain heart infusion broth (BHIB) (Becton, Dickinson) with growth in BHIB enriched with 1% Tween 80 (2) .
MATERIALS AND METHODS
Biochemical testing of all strains was performed using the API Coryne panel (bioMérieux) according to the manufacturer's instructions. Enzyme production of the Canadian isolates was analyzed using the API ZYM panel (bioMérieux).
The Canadian strains except NML 130606 were tested for products of glucose fermentation using conventional tube biochemical tests (2) . Cellular fatty acid composition was determined with the Sherlock system (MIDI) as described previously (3) using version 4.5 of the MIDI operating system and MIDI library generation software.
MALDI-TOF mass spectrometry analysis. Colonies were smeared onto a steel target plate and overlaid with 1 l of matrix solution consisting of ␣-cyano-4-hydroxycinnamic acid in 50% acetonitrile-2.5% trifluoroacetic acid (normal protocol) and of 1 l of 70% formic acid was added to the smears before use of the matrix solution (short protocol). Measurements were performed using a Microflex LT matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) system and analyzed with Biotyper 3.0 SR software (MALDI Biotyper; Bruker Daltonics GmbH).
Molecular phylogenetic analysis. 16S rRNA gene sequencing was done as described previously, generating Ͼ1,400 bp (4) with partial (ϳ400 bp) rpoB gene sequencing of Canadian isolates being done as outlined by Khamis et al. (5) . ClustalW software and the neighborjoining algorithm found in MEGA 5.2 were used for phylogenetic analysis.
Determination of MICs of different antimicrobials. MICs were determined for the Swiss strains with Etest strips (bioMérieux) on Mueller-Hinton agar with blood (Heipha) using inocula of 1 McFarland unit incubated in an atmosphere of 5% CO 2 at 37°C for 48 h. The Clinical and Laboratory Standards Institute (CLSI) breakpoints for corynebacteria (6) were used for the interpretation of the MICs of all tested antimicrobial agents except for amoxicillin-clavulanic acid, piperacillin-tazobactam, cefuroxime, moxifloxacin, and tigecycline, which were interpreted by using the European Committee on Antimicrobial Susceptibility Testing (EUCAST) non-species-related breakpoints (7). Canadian isolates were analyzed using CLSI-described broth microdilution methods (8) and then interpreted (6) 
Fermentation of: d All Swiss or Canadian patient isolates were positive or weakly positive for catalase, for fermentation of glucose and ribose, and for the production of pyrazinamidase and ␤-glucuronidase. Using conventional tube sugars, Canadian isolates were also variable for maltose, galactose, glycerol, mannose, trehalose, and salicin, but maltose was negative for all strains when the API Coryne panel was used. Conventional or API Coryne reactions were negative for urease and gelatin hydrolysis, mannitol, and lactose. Pyrrolidonyl arylamidase, alkaline phosphatase, ␤-galactosidase, ␣-glucosidase, and N-acetyl-␤-glucosaminidase were not detected in any strain. V, variable, that is, at least 1 strain expressed that result; ND, not done. 
RESULTS AND DISCUSSION
All isolates, after 24 to 48 h of incubation in an atmosphere containing 5% CO 2 , were observed to be small, translucent to grayish, catalase-positive colonies, visible on Columbia agar supplemented with 5% sheep blood (BD Diagnostic Systems). The Canadian strains tended to grow better in 5% CO 2 than with incubation in air or anaerobically. Gram staining revealed irregular, granulated, and long Gram-positive rods that did not show the typical "palisade" appearance of corynebacteria. The CAMP reaction performed on blood plates in the presence of Staphylococcus aureus ATCC 25923 showed variable results ( Table 1 ). All Swiss isolates were found to be nonlipophilic, including the type strain. Five of seven Canadian isolates were lipophilic. The results of the biochemical tests are summarized in Table 1 . Using the API Coryne panel, we identified isolates as Corynebacterium glucuronolyticum with scores consistent with good to excellent identification profiles where esculin was hydrolyzed but as the Corynebacterium renale group with doubtful identification profiles if esculin was negative (Table 1) . Enzyme production was found to give essentially the same results as those found by Tong et al. (1) when Canadian isolates were tested. Like C. glucuronolyticum, C. pyruviciproducens is the only other Corynebacterium species to date which consistently produces ␤-glucuronidase, and so these species may be misidentified for each other if identification is made based solely on the use of phenotypic assays where production of this enzyme is a heavily weighted test.
The Canadian strains, except NML 130606, showed trace to small volumes of succinic, propionic, and lactic acids, in addition to acetic and pyruvic acids as described by Tong et al. (1) . The cellular fatty acid profiles for the 7 Canadian strains were found to be consistent with those described by Tong et al., including the observation that tuberculostearic acid (TBSA) could not be detected (1) (Canadian data not shown).
Identification of C. pyruviciproducens could not be achieved with MALDI-TOF mass spectrometry since this bacterial species is not included in the current Bruker MALDI Biotyper database.
We demonstrate the nearly identical alignment between the C. pyruviciproducens type strain and the clinical isolates described in this study when partial rpoB gene sequences were analyzed (see the partial rpoB gene sequences with GenBank accession numbers assigned to these isolates as shown in Fig. 2 ). On the other hand, when the full 16S rRNA gene sequences of the strains of this study were aligned with the C. pyruviciproducens strain 06-17730 T , 11 polymorphisms (99.22% identity) were detected, mainly in the first 200-bp fragment of the gene (Fig. 1) . The combined antimicrobial susceptibility profiles for C. pyruviciproducens isolates and a review for the C. pyruviciproducens type strain are presented in Table 2 . The susceptibility testing of the type strain and aggregated analysis of the strains in this study showed that this species was always susceptible to tigecycline, gentamicin, vancomycin, rifampin, linezolid, quinupristindalfopristin, chloramphenicol, and daptomycin, whereas the susceptibilities to beta-lactams, erythromycin, clindamycin, fluoroquinolones, tetracycline, and trimethoprim-sulfamethoxazole were variable ( Table 2 ). The NML skin isolate 100222 and bone isolate 607685/2011 were found to be more profoundly resistant than other strains. Both isolates were susceptible to vancomycin, daptomycin, gentamicin, rifampin, and linezolid, whereas isolate 100222 was additionally susceptible to carbapenems and quinupristin-dalfopristin and 607685/2011 was susceptible to tetracycline, tigecycline, ciprofloxacin, and moxifloxacin.
This report describes variations in several phenotypic traits from those described in the C. pyruviciproducens species novum description publication. Interestingly, some discrepant characteristics were observed by reinvestigating the type strain, demonstrating differences in the results for the CAMP reaction and for lipophilia testing; data shown here suggest that at least some discrepant traits may have been caused by different methodology and interpretation criteria (e.g., different results were observed, depending on whether Tween incorporated into plates rather than broths was used for demonstrating lipophilia). The laboratory identification of C. pyruviciproducens can be achieved only by 16S rRNA or rpoB gene sequencing, since this species is not present in the API Coryne database or in the current version of the Bruker MALDI-TOF Biotyper database. Even identification by 16S rRNA gene sequencing was more difficult than expected, as the GenBank deposit for the type strain (accession no. FJ185225) is labeled as Corynebacterium sp. 06-17730, rather than as C. pyruviciproducens T when BLASTed against the nr/nt database, and this strain is not otherwise found in GenBank's curated refseq database. The Swiss and Canadian strains showed significant 16S rRNA sequence heterogeneities (up to 11 mismatches) compared to those of the type strain sequence, but identification was confirmed by demonstrating a close relationship to the type strain of C. pyruviciproducens with partial sequencing of rpoB (Fig. 2) .
In conclusion, identification of C. pyruviciproducens can, to date, only be achieved by sequence-based methods. The phenotypic and genotypic characterization of 11 C. pyruviciproducens isolates from Canada and Switzerland shows differences from the type strain on both the chemotaxonomic and 16S rRNA gene sequence levels.
